Abstract. Early warning is essential for protecting people and mitigating damage in case of flood events. However, early warning is only helpful if the parties at risk are reached by the warning, if they believe the warning and if they know how to react appropriately. Finding suitable methods for communicating helpful warnings to the "last mile" remains a challenge. To 
The objective of this study is to investigate the improvements of the early warning systems in Germany in respect to the dissemination and response part. It is particularly interesting whether warning and emergency response worked well during the flood in 2013, since the event was from a hydrological point of few even more extreme than the flood in 2002 (Schröter et al., 2015) . Thus, we compare the perception of early warning and deployment of emergency measures by private households and companies during the floods in 2002 and 2013. 5
Surveys and data
In order to gain more knowledge on how private households and companies were warned and how they undertook emergency measures before and during the 2002 and 2013 floods in Germany, computer-aided telephone interviews (CATI) were conducted (Table 1) . On the basis of information from affected districts or municipalities, flood reports, press releases, as well as with the help of flood masks derived from satellite data (DLR, Centre for Satellite Based Crisis information, 10 www.zki.caf.dlr.de) lists of affected streets were compiled. These provided the basis for generating property-specific random samples of households and companies (i.e. their telephone numbers). For the survey on the 2002 flood, households from the list were sampled randomly. For the survey on the 2013 event, a comprehensive survey was conducted, i.e. all the researched telephone numbers were contacted. To overcome the lack of large companies in the sample, additional effort was undertaken to identify and interview also large companies, e.g. expert interviews, analyses of flood reports and press releases, were 15 undertaken. After the 2002 flood large-scale companies were additionally interviewed in May 2004 (Table 1) (Table 1 ).
All questionnaires addressed the following topics: flood impact (e.g., water depth, contamination), flood warning, emergency 20 measures, evacuation, cleaning up, characteristics of and damage to household contents and buildings / characteristics of and damage to company assets (buildings, equipment, goods, products or stock, etc.), recovery, precautionary measures, flood experience and awareness as well as socioeconomic variables / characteristics of the company (sector, number of employees, etc.). Further details about the surveys and the data processing are published by Thieken et al. (2007) , Kreibich et al. (2007b) and DKKV (2015) . 25 Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2016 -133, 2016 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. Published: 22 April 2016 c Author(s) 2016. CC-BY 3.0 License.
Results and discussion

Warnings and emergency measures of private households
To gain knowledge about the warning situation, private households were asked "How did you become aware of the imminent flood danger?". The given answers show that in 2002, more than a quarter of the respondents (27%) stated that they were not warned at all; in 2013 this fraction was only 7% (Figure 1 ). Warnings by public authorities were most important for becoming 5 aware of the flood danger (Figure 1 ). In 2002, 42% of respondents indicated that they had received a warning by public authorities, in 2013, this fraction was 56%. Interesting is, that also the fraction of private households who became aware of the flood via own observations has increased from 2002 to 2013. This might be due to an increase in awareness and preparedness after 2002 (Kreibich et al., 2011; Kienzler et al., 2015) . Additionally important for the warning of private households is the general trans-regional media coverage. Early warning is only effective, if the people at risk believe the warning and know what to do when they receive the warning.
Helpful are for example check lists indicating what should be done and which things should be available in case of an emergency (Kreibich et al., 2007a) . Respondents who had received a warning through public authorities were asked whether 25 they knew how they could protect themselves and their household from the flood. Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2016 Discuss., doi:10.5194/nhess- -133, 2016 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. Simple measures were implemented very often and their effectiveness was rated very high. Among these measures are:
safeguard documents and valuables, put movable contents upstairs and drive vehicles to flood-safe place (Figures 3 and 4) .
Although also frequently implemented, more complicated measures like protect building against inflowing water or pump out water achieved lower effectiveness ratings (Figure 4) . The effectiveness of emergency measures depend not only on the correct 10 implementation but also on the flood impact, e.g. water depth. For instance, in cases where the water level increases higher than expected, water barriers are overtopped and are not at all able to prevent water from entering the building (Kreibich et al., 2005) . In summary, the warning situation for private households was much better during 2013 in comparison to 2002 and they were 20 more effective in undertaking emergency measures.
Warnings and emergency measures of companies
Generally, a similar picture emerges from the surveyed companies as in the case of the private households. Therefore, in 2013 far more companies were able to protect the most important part of their equipment as well as of goods, products, etc. (Table 2 ). Reasons for this higher effectiveness of the emergency measures are probably longer lead times, more 10 experience and better preparedness of the companies (Kreibich et al., 2011) .
Besides emergency measures, like protecting equipment, goods etc. as well as protecting the vehicles, other measures were carried out, like the setting up of water barriers, mainly using sandbags, the deployment of pumps, as well as securing any other movable objects. The share of companies, which had an emergency plan in place already before the flood had increased from 10% in 2002 to 26% in 2013 ( Table 2 ). The share of those who had undertaken emergency exercises before the flood 15 increased from 4% to 13% (Table 2 ). However, in this respect there is still room for improvement. In summary, the warning situation also for companies was much better during 2013 in comparison to 2002 and they were more 20 effective in undertaking emergency measures.
Conclusions
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